Brigitte Pegourie, 12 Claire Berger, 13 Marguerite Micheau, 14 Françoise Bernaudin, 15 Thierry Leblanc, 16 Laurence Lutz, 17 Frédéric Galactéros, 7 Marie-Claude Siméoni, 4 and Catherine Badens Introduction β-thalassemia is encountered in France due to immigration from areas in which the condition is endemic, with the exception of the island of Corsica where 3% of the population are carriers for β-thalassemia trait. Until recently, no national data on mortality, morbidity, or quality of care were available. An epidemiological survey was conducted in 1999 and recorded 362 patients with thalassemia major (TM) or intermedia (TI), of whom most originated from North Africa or Italy. 1 In 2004, the French Ministry of Health initiated a National Rare Diseases Plan concerning diseases with a prevalence under 1/2000. Reference centers were created, dedicated to the clinical management of rare diseases, and assigned several missions such as ameliorating global clinical care for patients, improving professional practices and collecting epidemiological data. In this context, a reference center for thalassemia was set up and a National Registry of living β-thalassemia patients was developed as a means to achieve several aspects of the missions. Systematic epidemiological case detection and continuous data collection were performed throughout France for patients with TM, TI, and hemoglobin E/β-thalassemia; data on hematopoietic stem cell transplants in these patients were also recorded.
This article reports data collected in the registry from 2005 to 2008. The main objectives of the study were to provide a description of the demographic and clinical features of β-thalassemia patients living in France and to compare these data according to the type of thalassemia and the treatment options. In addition, the association of age with rates of iron overload complications was evaluated in the subgroup of TM patients and the use of iron chelation therapy over the 4-year period was examined.
Design and Methods

Registry design
Exhaustive identification of French cases was attempted through the distribution of inclusion files to all the physicians who participated in the 1999 national survey. Clinicians were also contacted through two professional networks: the French group for Red Cell and Iron and the French Society of Pediatric Hematology and Immunology. The other sources questioned in order to improve the completeness of case identification were the French database of hematopoietic stem cell transplants, the French network of molecular genetic laboratories involved in the molecular diagnosis of hemoglobinopathies and the four laboratories performing neonatal screening for sickle cell disease.
The French registry was approved by the Commission Nationale Informatique et Libertés and oral informed consent from patients or their parents is required for all inclusion of data. A standardized questionnaire was used to collect data on each patient, including the circumstances of diagnosis, biological and clinical data, markers of iron overload, treatment and social data. Follow-up information was collected after 18 months (range, 12-24 months) and the items recorded were the same as at inclusion plus occurrence of death. For the centers following more than ten patients, a clinical research assistant went to the site to check and complete data. Data were registered by the assistant and then validated by the physician in charge of the patients; data quality control was conducted by the physician responsible for the registry. 
Definition of variables
The two clinical types of thalassemia were defined as follows: TM, symptomatic anemia requiring more than eight transfusions/year (transfusion-dependent) before 4 years of age; 2 TI, no or occasional transfusion before 4 years of age. The main complications considered, with their definitions, were hypothyroidism (low free thyroxine or abnormally high levels of thyroid-stimulating hormone), hypogonadism (delayed puberty, arrest of puberty for 2 years, low steroid levels or treatment with testosterone, primary or secondary amenorrhea before the age of 40), heart disease (heart failure or arrhythmia requiring inotropic or anti-arrhythmic therapy), short stature (SD score for height less than or equal to -2, with height and weight converted to SD scores using tables of normal values for the French population) and diabetes (a history of therapy with insulin or oral hypoglycemics).
Statistical analysis
Statistical analyses were performed using the Statistical Package for Social Sciences, version 15.0 (SPSS Inc., Chicago, IL, USA). Data are expressed as median values with ranges for continuous variables and numbers with percentages for categorical variables. Non-parametric tests were used to compare continuous variables (the Mann-Whitney or Kruskall-Wallis test) or categorical variables (Pearson's c 2 test) across subgroups of patients. These tests were followed by a post hoc Dunn test. P values are two-sided and considered statistically significant when less than 0.05. Multiple logistic regression models were used to model the effect of pertaining to categories of patients, adjusting for major confounding factors (age, gender) on the following outcomes: splenectomy, cholecystectomy, antibodies to hepatitis C virus (HCV), parenthood.
Results
Registry population
From 2005 to 2008, a systematic search to identify all living thalassemia patients resulted in the identification of 378 patients. Patients were recruited from 57 French centers: 31 pediatric centers, mostly Hematology/Oncology departments, and 26 departments of Hematology or Internal Medicine for adult patients. Six centers were following more than 15 patients each, representing 49% of the cohort, and 38 followed no more than five patients (15 centers reported only one patient).
Among the overall cohort, 267 patients were classified as having TM, 110 as having TI and one infant has not yet been classified. Forty-three patients had HbE/thalassemia (24 TI and 19 TM). Seventy percent of the patients (74% of TM patients) were born in France.
The incidence of the disease was estimated in the group of patients under 18 years of age among whom death is rare: among 12,296,400 live births between 1991 and 2005 (source: INSEE), 109 were identified to have TM, leading to an incidence of 1 case for 112,811 live births (or a mean of 7 new cases/ year for TM).
Genetic studies have been carried out for 245 (65%) patients. Analysis of the mutations revealed that the vast majority of the patients are of Mediterranean origin and that the four most common Mediterranean mutations (β The French National Registry of thalassemia patients haematologica | 2010; 95 (5) 725
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39C>T, IVS1-110G>A, IVS1-6 T>C and IVS1-1G>A) account for 52% of the mutations, whereas 18% were of Asian origin (the most common being HbE and Cd 41/42-CTTT).
Patients' characteristics
The patients were separated into four categories, according to three criteria: first according to the type of β-thalassemia (TM or TI) and then, for the TM patients only, according to whether they had or had not undergone hematopoietic stem cell transplantation and the outcome of the transplant (Table 1A) . Two patients were excluded from analysis: one not yet classified into TM or TI, and one who was transplanted for TI. The median age for all the patients was 20 years and differed significantly between the four categories of patients, with TI patients being older than TM patients (P<0.01).
Complications according to the type of thalassemia and outcome of hematopoietic stem cell transplantation Table 1A also shows the complications occurring in the overall cohort and the four categories of patients. Height and weight did not differ significantly according to category (Table 1A ). In the whole cohort, the percentages of patients with SD below or equal to -2 were 20.1% for height and 16.2% for weight. These proportions were similar in the four categories of patients. The final SD for height, available for 168 patients over 20 years old, did not differ statistically according to gender (P=0.58) or disease category (P=0.19).
Approximately 50% of all the patients underwent splenectomy at a median age of 9 years (range, 1.5 to 36 years), with no statistical differences between the four groups of patients.
Results of HCV antibody testing were available for 342 patients, not available for eight patients and considered as negative for 26 others (11 TI patients who had never been transfused and 15 transfused children born in France after the implementation of systematic HCV antibody testing in blood donors in 1990). Sixty-four patients (17%) were positive for HCV antibodies, 26 of whom were HCV-RNA positive. The prevalence of positivity for HCV antibodies was higher among patients with TM than among those with TI, with the difference being more pronounced after adjustment for age (P<0.001, Table 1B ). Of note, 26 patients have been treated with antiviral therapy for their HCV infection: 13 became HCV-RNA negative and 13 remained with a positive viremia. One patient showed serological evidence of infection by human immunodeficiency virus and three others were positive for the HBs antigen, indicating chronic hepatitis B virus infection.
Serum ferritin levels tested within the previous year differed statistically between the four groups of patients (Table 1A) , with TI patients having the lowest values and patients in whom hematopoietic stem cell transplantation had failed having the highest (non-transplanted TM versus TI: P<0.01, non-transplanted TM versus successfully transplanted TM: P<0.05).
Seventeen male and 33 female patients had at least one child, parenthood being more frequently encountered in TI than in TM. Nonetheless, when age, gender and disease category were taken into account, only age remained significantly associated with the fact of having children in adult patients (Table 1B) . The percentage of patients who had used artificial fertilization was not available.
Treatment
Nearly all TM patients and 16% of TI patients received regular transfusions. As regards the TI patients, regular transfusion therapy was started in late childhood in four patients, during adolescence in three and during adulthood in ten. Chelation therapy was administered to 95% of TM and 44% of TI patients. During the 4-year period of analysis, a total of 428 records (including both inclusion and follow-up forms) were entered into the registry for the 263 patients under chelation therapy. The use of the different iron chelators and the change in iron chelation therapy over time are presented in Figure 1 . Whereas deferoxamine was the most commonly used therapeutic chelator in 2005-2006 (62%), since 2007, deferasirox has become the most frequent treatment (71%). In 2008, 84% of the patients were receiving oral chelation therapy.
Fifty-two patients underwent hematopoietic stem cell transplantation, 42 of whom became transfusion-independent. The records for transplanted patients were not exhaustive given that, according to the National Hematopoietic Stem Cell Transplantation database, as of December 2008, an additional 39 patients were alive after a successful hematopoietic stem cell transplant, often performed more than 10 years ago.
Complications in thalassemia major patients
In an analysis restricted to patients with TM who did not undergo hematopoietic stem cell transplantation, patients were divided into four age groups ( Table 2 ). The frequency of organ damage related to iron overload increased with age, with the occurrence of complications being rare in childhood. The median height, expressed as SD, was also less impaired in the youngest patients. Hypogonadism was the most frequent complication encountered (66 cases, 54 receiving hormone replacement therapy). Among the 215 patients, 9.7% had experienced heart failure. Of note, at the end of 2008, only 40% of TM patients aged 10 years or more had undergone T2* cardiac magnetic resonance assessment in the preceding 18 months.
A significant difference was observed between the four age groups in the rate of all complications related to iron overload while the serum ferritin levels did not differ statistically (Table 2) . Serum ferritin levels were not significantly higher in patients who had experienced iron overload-related complications, e.g. hypothyroidism, heart failure, and diabetes (data not shown). Interestingly, similar serum ferritin levels were observed irrespective of the size of the centers: the median serum ferritin of the TM patients treated in the six largest centers was 1259 ng/mL compared with 1193 ng/mL for the patients followed in the other centers.
Discussion
The exhaustiveness of the case collection in the Registry was determined in various ways. For TM particularly, it is assumed that the case collection is almost complete, given that transfusion treatment requires frequent hospital visits and hence the incidence of TM can be estimated. With an incidence of approximately 1 case for 100,000 population, β-thalassemia is a very rare disease in France. This incidence is slightly lower than that recorded in the UK 2 and similar to that reported in Germany and in Belgium. 3, 4 In this study we provide, for the first time, a detailed profile of the state of health of thalassemia patients living in France. These data reflect our current practice as 70% of the patients were born in France and can benefit from recent progress in treatments early in life.
The choice of recording data from successfully engrafted thalassemia patients (who represent around 20% of the TM patients included) was taken in order to enable future studies comparing long-term results of standard treatment and hematopoietic stem cell transplantation. The patients receiving standard transfusion treatment after a failed transplant have been analyzed as a separate group considering that the conditioning for transplantation may have had an impact on their morbidity.
We showed that height is nowadays only moderately affected in thalassemia patients, with the proportion of TM patients with short stature being around 20%, which is lower but quite similar to findings in other recent studies. [5] [6] [7] [8] [9] In our study, in agreement with the findings of Vogiatzi et al., the type of thalassemia (TM versus TI) does not significantly influence final height or weight although one would expect better final height in patients with TI. 10 Furthermore, although significant differences were seen in the prevalences of splenectomy, cholecystectomy and parenthood between non-transplanted TM and TI patients, these differences did not remain statistically significant after adjustment for age. These findings reflect the fact that the registered TI patients have a quite severe condition, with 16% being regularly transfused and 42% receiving occasional transfusions.
Moreover, in France as in North America, splenectomies performed to reduce transfusion requirements were, until recently, very frequently performed in TM. 9 Finally, the similar rate of parenthood observed in TI and TM patients could be explained by a global improvement in the clinical care of TM patients including the use of assisted reproduction in TM, which affects fertility. 5, 8, 9 In contrast, the prevalence of HCV infection and serum ferritin levels remained significantly different between the patients with the two types of thalassemia after adjustment for age (P<0.001) as a consequence of the high rate of transfusion in TM.
Iron overload complications were analyzed only in the homogeneous group of non-transplanted TM patients. Median serum ferritin levels were around 1000 ng/mL in all age groups, thus being in the lower range of values reported for other registries, 9, 11 suggesting that the management of iron overload and the patients' compliance to the treatment were satisfactory. Moreover, serum ferritin levels did
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not differ between large centers and those following fewer than 15 patients, indicating that iron overload, as assessed by serum ferritin levels, is homogenously managed in the different centers. Serum ferritin levels did not differ according to age or the occurrence of iron-related complications. However, the collection of serum ferritin levels in the year preceding the study was the only marker used to assess iron overload and the cross-sectional type of the analysis does not allow us to determine the implication of chronic iron exposure in the rate of related complications. As regards clinical complications, the rates of cardiac disease, hypogonadism, diabetes, growth retardation and hypothyroidism were also similar to those reported in other registries and cohorts. 5, 6, 7, 9, 11 Hypogonadism, observed in nearly 50% of patients aged over 15, remained the most common endocrinopathy encountered in French TM patients. Rates of growth failure were higher after 15 years as a consequence of hypogonadism and absence of the pubertal growth spurt.
The registry also monitored data on treatments and clinical investigations used. Although it had been active for 4 years only, it already showed new trends in these fields.
The type of iron chelation treatment has changed dramatically over the past 4 years: in 2005 and 2006, deferoxamine was still the most frequent treatment but was progressively replaced by deferasirox which was introduced onto the market in France at the end of 2006. The prescription of deferiprone (available since 1999), alone or in combination with deferoxamine, remained stable during the period concerned, accounting for about 15% of the iron chelation therapy. Within this 4-year period, the median serum ferritin levels did not change significantly among the patients (data not shown).
Recent progress in TM treatments that may improve life expectancy include hematopoietic stem cell transplantation, [13] [14] the use of cardiac T2* measurements and chelation regimens targeted on cardiac iron overload. [15] [16] [17] [18] While hematopoietic stem cell transplantation is widely used in France, cardiac magnetic resonance studies were performed in only 40% of the adult TM patients in 2007 and 2008. Although the number of centers performing cardiac magnetic resonance studies is increasing regularly, there is a delay in the spread of this technique when compared to its use in other countries such as the UK or Italy. Consequently, intensification of chelation treatment with combination therapy probably remains under-used.
In conclusion, thalassemia is a very rare disease in France. Patients are spread all over the country and treated in a considerable number of centers. Although the mortality rate is not known, the global state of health of French TM patients appears very similar to that reported in North America and Europe, especially concerning median serum ferritin levels and rates of iron overload-related complications.
The existence of the registry has already encouraged the centers to collect data, to complete patients' investigations, for example by endocrinological studies and cardiac magnetic resonance evaluation, and has strengthened the relations between the national reference center and clinicians. Further developments will include mortality studies for both transplanted and non-transplanted patients and an evaluation of the impact of the registry on patients' management.
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